The present investigation describes the fine structural changes that occur during proteid yolk formation in the developing oocytes of the guppy (Lebistes reticulatus), an ovoviviparous teleost. These changes suggest the operation of a number of different intra-and extraoocyte processes that may account for the synthesis and deposition of the proteid yolk. Early in oogenesis, the egg's Golgi systems proliferate and begin to disclose an electron-opaque content. Numerous 70-m~ diameter vesicles apparently pinch off from the Golgi systems, transport this material through the egg, and probably then fuse to form a crenate, membrane-limited yolk droplet. At the same time, the rough-surfaced endoplasmic reticulum accumulates a flocculent substance that differs in appearance from the Golgi content. Smooth vesicles, presumably derived from the ER, then coalesce to form a second type of intraoocyte yolk droplet. These dissimilar, separately derived droplets subsequently fuse, thus combining the materials that constitute the intraoocyte contribution to the proteid yolk. Somewhat later in development, the egg appears to ingest extracellular material via 75-m# diameter bristle-coated micropinocytotic pits and vesicles. These structures apparently fuse to form tubules which then coalesce into large yolk droplets. At a later stage, bristle-coated micropinocytotic vesicles of 100 m/~ diameter presumably take up a material that is then probably immediately deposited into a second type of proteid yolk droplet. It is postulated that these two different micropinocytotic structures are specifically involved with the selective uptake of dissimilar extracellular protcid materials.
INTRODUCTION
The formation of proteid yolk in the developing egg has been the subject of intensive investigation for over a century. From the numerous studies that have been done on different animals, though, a large number of often conflicting results has been obtained.
Many investigators, for example, have demonstrated that part of the yolk protein is manufactured outside the ovary, carried to the follicles by circulating blood, and then transported by specialized micropinocytotic pits and vesicles into the cytoplasm of the egg where it is deposited into yolk droplets (1, 9, 14-18, 31, 33, 38) . Others have presented evidence for the involvement of the individual oocyte organelles in yolk production (2-4, 13, 19, 21, 24, 26, 41, 45) . Thus, no one mechanism, whether intraoocyte, extraoocyte, or a combination of the two, has come to be regarded as generally applicable.
The present investigation of the guppy oocyte presents evidence for the occurrence of both intraand extraoocyte processes during yolk formation. The early stages of oogenesis are characterized by the synthesis of one portion of the yolk by the 209 oocyte organelles. Later in development, the egg apparently sequesters yolk proteins from the extracellular fluids by micropinocytosis. In effect, therefore, many of the mechanisms previously held individually responsible for yolk formation in different animals all appear to be at work in the guppy for the synthesis and deposition of the proteid yolk.
MATERIALS AND METIIODS
The maturc ovary of the guppy, like that of other ovoviviparous teleosts, is a largc unpaired organ which occupies a dorsal position in the caudal region of the body cavity. Approximately 30 to 40 follicles, each comprised of a simple squamous follicular epithelium and a spherical or elliptical oocyte, are present in the adult ovary. Because the oocytes develop nonsynchronously, the ovary contains follicles in all phases of oogenesis. Immature follicles, white in color and elliptical in shape, are in great abundance in the middorsal region of the organ. Peripheral to these, and also occurring in the ventral regions of the ovary, are the more mature follicles which are spherical and of an amber hue.
Only the ovaries of those females that had already produced young were examined. These ovaries were removed from the animals, fixed for 2 hr in cold (4°C) 3% glutaraldehyde buffered to pH 7.35 in 0.05 M phosphate buffer (32) , and postfixed for 1.5 hr with cold 1% osmium tetroxide in 0.1 M phosphate buffer at pH 7.35 (23) . Following dehydration in a graded series of ethanol-water mixtures, the tissue was brought to room temperature, briefly bathed in propylene oxide, and placed in a 1:2 mixture of propylene oxide and accelerated embedding monomer (a slightly modified mixture of that recommended by Luft (20) , consisting of 18 Itfl of Epon 812, 11 ml of dodecyl succinic anhydride (DDSA), l0 mi of nadic mcthyl anhydride (NMA), and 0.7% by volume of DMP430 accelerator). After 8 hr, the ovaries were placed in fresh monomer, kept at room temperature for an additional 12 hr, and then polymerized in a 60°C oven for 48 hr or more.
For light microscopy, sections approximately 0.5 thick were cut with glass knives on a Porter-Blum MT-2 or on a Cambridge (Huxley) ultramicrotome. The sections were stained with a mixture of 1% methylene blue-1% borax solution and a 1% azure II solution, according to Richardson, et el. (28) .
For electron microscopy, "silver" sections were cut with a diamond knife and mounted on uncoated copper grids which were later coated with carbon. The sections were stained with uranyl acetate (43) and lead citrate (27) and examined in an RCA-EMU 3D electron microscope.
OBSERVATIONS
In a study of the germinative epithelium of the viviparous teleost, Platypoecilus maculatus, Wolf (44) described how the egg cells initially undergo repeated mitoses to form nests of cogonia or primary oocytes. A similar process presumably occurs in Lebistes, for here, too, oogonial nests containing 4 to 8 primary oocytes, 12 to 22 ~ in diameter, represent the first stage in oocyte development (Figs. 1 a and 2 ). 2-he nest apparently gives rise to separate follicles when one or, more likely, several of the oogonia enter upon a period of active cytoplasmic growth. During its enlargement, each of the oocytes (35 to 40 # in diameter) becomes encased by a squamous layer of rectangular follicle cells upon which a sheath of thecal connective tissue becomes loosely apposed (Figs. 1 b and 3).
Large sudanophilic, and therefore probably lipid, droplets become conspicuous in the oocyte cytoplasm quite early in the egg's development (Figs. 1 c, 1 d, and 4). Somewhat later, other yolk inclusions, presumably proteid in nature (6, 8) , also appear (Figs. 1 e, 1 f, and 6 ). With the continued deposition of yolk droplets, the oocyte gradually reaches a diameter of 500 # (Fig. 1 h) . The subsequent coalescence of the various yolk inclusions and the appearance of large oil droplets at the periphery of the egg characterize in part the final stage in oocyte development.
Well defined changes in both the appearance and location of the oocyte organelles accompany these general topographical developments. These changes may be interpreted as signalling the occurrence of specific physiological processes; they therefore become criteria upon which is based the following description of the various events presumably involved in the synthesis and deposition of the proteid yolk.
The Oocyte Organelles

GOLGI COMPLEX
The few Golgi systems which occupy the oocyte cytoplasm from the time when the egg is in the nest (Fig. 2) until it is sequestered in a separate follicle (Fig. 3) are characterized by randomly arranged cisternae and several small vesicles. At these early stages, there is no apparent association between the Golgi systems and other organelles and inclusions of the oocyte.
With the onset of lipid yolk deposition, Golgi eisternae and vesicles are seen to circumscribe the 210 ThE JOL-RNAL OF CELL BIOLOGY • VOLUME ~8, 1966 lipid droplets that appear in the cortical cytoplasm (Fig. 4) . However, because the cavities of these Golgi elements are still devoid of resolvable material, the precise physiological relationship between the Golgi elements and these inclusions is unclear.
Elsewhere in the cortical cytoplasm of the egg, there are Golgi complexes that bear no close topographical association with other oocyte structures (Figs. 4 and 5) . Unlike the Golgi elements associated with the lipid, though, several cisternae and vesicles of these complexes do contain an electron-opaque material.
With the occurrence of intraoocyte yolk formation, one begins to find a great many more Golgi complexes in the oocyte cytoplasm (Fig. 6) . Moreover, in contrast to the earliest periods of oogenesis, most of the Golgi elements at this stage contain an electron-opaque material of a coarse, granular consistency (Fig. 6, inset ). This material is not found in association with any of the other oocyte organelles.
ROUGH-SURFACED ENDOPLASMIC RETICULUM
At first, the rough-surfaced ER of the primary oocyte is present only in cisternal form (Fig. 2) . As the oocytes subsequently become segregated into separate follicles, the ER appears in the form of vesicles (130 m~ in diameter) that are largely smooth-surfaced (Fig. 3) . During these early stages of development, they are devoid of resolvable content (Figs. 4 and 5) .
Gradually, the ER vesicles in the cortical cytoplasm begin to accumulate a somewhat flocculent, loosely-packed material within their limiting membrane (Fig. 6 ). In the deeper regions of the oocyte cytoplasm, vesicles that do bear a ribosomal coat also begin to disclose an electron-opaque substance (Fig. 6, inset) . The materials in both types of vesicles are morphologically indistinguishable. They are quite distinct, though, from the densely granular content of the Golgi complexes.
INCLUSIONS
After the various oocyte organelles migrate from their original perinuclear position in the cytoplasm, several dark sudanophilic droplets, 1.5 to 1.7 ~ in diameter, appear in the cortex of the egg (Figs. 1 b, 1 c, and 4) . These homogeneous masses, most likely lipid in nature, are usually surrounded by concentric cisternae and vesicles of the Golgi apparatus which are devoid of resolvable content. In those cases when only a few cisternae are associated with the lipid droplets, the cytoplasm surrounding these inclusions is characterized by radial striations apparently produced by an ordering of the adjacent free ribosomes. At the present time, however, there is some question whether this effect is meaningful or merely artifactitious. Smaller lipid particles, which one can envision are about to fuse with the larger masses, often lie adpressed to the surface of the droplets near the open areas between the Golgi elements (Fig. 4) .
Somewhat later in development, when most of the Golgi elements begin to accumulate an electromopaque content, numerous vesicles (70 m# in diameter) which contain a similar material may be found both near the Golgi complexes and scattered throughout the oocyte cytoplasm ( Fig.  6 and inset) . Often, five or ten of these vesicles are aggregated. Similar or perhaps identical vesicles can be observed in association with membrane-limited crenate yolk droplets, some of which are as large as 0.8 # in diameter. The latter also first appear at this stage of oogenesis.
Significantly, the contents of all three structures, the Golgi elements, the independent vesicles, and the crenate droplets, appear to be morphologically similar to each other. Therefore, a reasonable hypothesis for the formation of the crenate droplets appears to be that they are the result of the coalescence of 70-m~ diameter vesicles derived from the Golgi profiles.
At this time, the cytoplasm of the egg also begins to disclose larger droplets (0.5 to 2.0 ~ in diameter) containing a material that is flocculent in consistency and similar in appearance to the content of the endoplasmic reticulum. Often, such droplets have attached to themselves, in open continuity, smooth-or partially smooth-surfaced vesicles, presumably derived from the ER. Therefore, in the case of these droplets, too, a possible physiological explanation of their formation is strongly suggested in the pattern presented by the micrographs.
During the later stages of oocyte development ( Fig. 11 ) numerous instances appear in which the dark, crenate droplets are attached to the yolk spheres related to the ER. There are frequent images in which the recently fused smaller droplets still enclose their characteristic dense material. In other instances the cavities appear devoid of electron-opaque content, while a mass of dark material which supposedly once filled them ap-FIGURE 1 This sequence of light micrographs depicts the changes in size and structure that characterize oocyte development in the guppy. The Epon-emhedded sections were stained with methylene blue and azure II. 
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MITOCItONDRIA
The mitochondria of the early oocyte are large (0.9 # in diameter) and contain both tubular and shelf-like cristae (Fig. 2) . The latter lie near the periphery of the organelles, frequently parallel to the mitochondrial envelope. When tubular, however, the cristae extend into the matrix in a direction perpendicular to the long mitochondrial axis.
The mitochondria increase in number as the oocytes come to occupy separate follicles (Fig. 3) . Although many maintain their original 0.9 # diameter, some of those present are oblong in shape and thinner (0.4 #). In addition, tubular cristae no longer characterize any of the mitochondria at this stage of development. With the onset of lipid yolk deposition (Fig. 4) and for the duration of oogenesis, the mitochondria are predominantly of the thinner diameter and apparently uniformly distributed throughout the oocyte cytoplasm.
NUCLEUS AND NUCLEAR EXTRUSIONS
Though each nucleus at first contains a single nucleolus (Fig. 2) , in the later stages of development, several prominent nucleoli appear (Fig. 3) . Compact granules and fine anastomosing threads can be distinguished in the nucleoli; in none, however, is it possible to discern a distinct nucleolonema or pars amorpha.
The nucleus is enclosed by a double-layered nuclear envelope that is pierced by numerous 60-m/~ diameter pores. Each pore appears plugged by a disk of dark material (Figs. 2 and 3) ; in oblique section each contains a dot of electron opacity in its center (Fig. 4, inset) .
At the surface of the nuclear envelope, accumulations of coarse granules appear early in oogenesis (Figs. 2, 3 and 4, inset) . These bear a striking morphological resemblance to the granules that comprise the nucleoli of the egg. This similarity suggests the possibility that such extranuclear granules may be ribonucleoprotein nuclear extrusions, similar to those noted in mosquito ovarian nurse cells (31) .
The Oocyte Surface
While the oocyte organelles are thus undergoing significant changes in concert with the deposition of a portion of the proteid yolk, the oocyte surface becomes highly infolded (Fig. 6 ) and gradually forms deep invaginations (Fig. 7) . At the same time, the entire oocyte plasma membrane becomes elaborated into microvilli (Figs. 4, 5, and 6) .
A layer of finely grained, electron-opaque material is deposited at the surface of the developing egg as this is taking place (Figs. 6 and 7) . This layer corresponds to the PAS-positive band of material that constitutes the vitelline membrane seen by light microscopy (40) .
Of significance is the apparently complete absence from the follicular epithelial cel| layer of tight junctions, structures which conceivably could impede the passage of material through the intercellular spaces (19) . The presence, therefore, of a coarsely granular substance in the narrow spaces between adjacent follicle cells suggests that extracellular material follows an intercellular route to the surface of the egg, as it presumably does in the oocytes of several insects (31, 37) .
FIGURE ~ The ribosome-rich cytoplasm of the primary oocyte (OOC) abounds with large mitochondria (m) and diffuse Golgi systems (G) which comprise the palliM granules as seen in the light microscope. Several rough-surfaced cisternae of the endoplasmic reticulum (er) and some microtubular structures (mr) are also present. Especially evident is a large elliptical nucleus (N), which is enclosed by a nuclear envelope (he) porulated in certain places (np), and which contains a single granular nueleolus (n) within its particulate nucleoplasm.
The oocyte is covered by narrow cytoplasmic sheet-like extensions of the follicular epithelium (fe). (Figs. 7, 8, and 9 ). They range in size from slight depressions along the plasma membrane to those that have a diameter of 75 mtz (Fig.  8) . Most striking and characteristic about these pits are the bristle-like projections, 12 m# in length, that extend in an orderly fashion from their limiting membrane into the oocyte cytoplasm.
As the pits form and deepen, their spherical cavities appear to become filled with a coarsegrained material similar to that present in the intermicrovillar spaces (Figs. 8 and 9 ). This material is readily distinguishable from the dense, finely grained substance composing the vitelline membrane.
The presence of numerous coated vesicles in the cortical cytoplasm of the egg at this stage of oogenesls suggests that the pits, subsequent to their formation, pinch off from the oocyte plasma membrane and come to lie freely in the substance of the egg. Then, once within the cytoplasm, the microplnocytotic vesicles appear to fuse with each other, in some cases before, while in others after, losing their bristle coat (Fig. 9) . Instead of forming larger vesicles, thohgh, they apparently produce 70-m~z diameter tubules which vary in length from 0.15 to 0.75 #. These tubules appear to contain a material identical to that in the coated pits and vesicles. Furthermore, despite the obvious similarity of the material within these tubules and in the extraoocyte space, there have been no images in which a tubule was observed to be in open continuity with the oocyte plasma membrane.
When the 75-m/z diameter coated vesicles are no longer being formed, these tubules apparently fuse in the oocyte's cortical cytoplasm to produce large characteristic droplets of proteid yolk (Fig. 10) . The droplets and the tubules disclose a similar content. Furthermore, these droplets are not seen to coalesce with the yolk produced by the egg itself.
LATER MICROPINOCYTOTIC VESICLES
Somewhat later, while the infoldings of the oocyte surface gradually disappear, the egg begins to retract its microvilli (Fig. 12) . At the same time, one can observe the conspicuous absence from the surface of the egg of the 75-m/~ diameter coated pits and vesicles. In their place there appears a new class of micropinocytotic structures that have a characteristic 100 m~ membrane-to-membrane diameter and, in addition, a 12 m~ bristle-like coat which extends into the oocyte cytoplasm (Fig.  12) . The pits seem to have a morphogenesis similar to that of their predecessors.
Numerous images in which these 100-m# coated vesicles are in probable continuity with larger membrane-limited spherical inclusions can be seen at these stages. Thus, unlike the smaller micropinocytotic pits and vesicles, no intermediate tubular phase seems to be present in any process involving these larger coated structures.
An evenly packed, dense, coarse-grained material constitutes the content of these larger yolk droplets. This material is readily distinguished from the content of the yolk droplets that arose at an earlier stage through the coalescence of the tubules derived from the 75-m~ coated structures. It is therefore thought that a major change in the The oocyte at this stage contains many elements of the ER (er) scattered in a cytoplasmic matrix that is rich in free ribosomes. Golgi bodies (G) and large mitochondria (m) are localized in the perinuclear cytoplasm of the cell. At the outer surface of the nuclear en velope (Re), especially at the nuclear pores (up), there appear dense granular areas (rp) which are similar in texture to the large nucleoli (n) at the periphery of the spherical nucleus (N). X 18,000.
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THE JOURNAL OF CELL BIOLOGY -VOLUME ~8, 1966 type of extraoocyte yolk protein that is being ingested takes place during oogenesis and that the appearance of the two sizes of coated pits and vesicles at different stages of development is the manifestation of such an occurrence. The formation of these 100-m~ coated pits and vesicles apparently constitutes the last phase in the deposition of proteid yolk within the guppy oocyte. Subsequently, most of the oocyte microvilli disappear while the follicular epithelium gradually withdraws from the surface of the egg.
DISCUSSION
The results of the present investigation suggest that the guppy oocyte becomes filled with proteid yolk droplets as a result of the action of the egg's own organelles as well as of the occurrence of highly specific and selective micropinocytotic processes (Figs. 13 and 14) .
The first indication of the egg's involvement in producing its own proteid yolk materials is given by the oocyte Golgi complexes. Subsequent to their initial association with the lipid droplets within the egg (Fig. 4) , these organelles increase in number and become filled with a dense, granular content (Fig. 6, inset) .
Studies of other cells (5, 10, ll, 25) have suggested that such material is first synthesized by the rough-surfaced endoplasmic reticulum and then transported in some way to the Golgi complex for packaging. The ER in the guppy oocyte, though, appears to be engaged in the production of an electron-opaque material, which differs in appearance and fate from the substance sequestered in the Golgi complex. Nor is there any evidence indicative of the passage of material from any other organelle to the Golgi complex. Another possibility is that the material arises by the active aggregation and alteration by the Golgi complex itself of smaller molecules from the surrounding cytoplasm. Such an origin would help to explain the apparent difference between the contents of the ER and the Golgi complex. The source of this material in the guppy oocyte, however, is unclear; it probably will remain so until the content of the organelles can be chemically identified.
The endoplasmic reticulum also begins to become active at this time in oogenesis. Gradually, there appears in the many vesicles of this system a somewhat flocculent, loosely-packed material that is distinct from the Golgi content. The occurrence of this material can be viewed through at least two hypothetical mechanisms.
According to one mechanism, suggested by Beams and Kessel (2, 3) from their studies of the crayfish oocyte, the proteid yolk material is probably synthesized by the ribosomes that stud the surface of the ER. This material then passes along narrow channels that connect the rough-surfaced vesicles to places where the vesicles bear no ribosomal coat. The smooth pockets of material then pinch off from the ER system and lie freely in the oocyte cytoplasm. Evidence from the present investigation, however, favors a slightly modified process whereby the vesiculated rough-surfaced ER may shed its ribosomes once the proteid material has been synthesized. This alternative is based upon images where vesicles filled with the The egg's cortical cytoplasm now contains large lipid droplets (L) that are surrounded either by Golgi cisternae (G) or by a radially striated cytoplasmic halo (rs), apparently produced by an ordering of adjacent free ribosomes. At various points along the surface of these droplets, smaller lipid particles (*) are apparently fusing to form larger inclusions. Meanwhile, the centrifugal migration of mitochondria (m) and Golgi elements (G, upper left) from their previous perinuclear position has been completed.
I~sET While the cytoplasm around the nucleus (N) is now virtually devoid of cellular organelles, except for an occasional mitochondrion (m) or ER vesicle (er), it does contain numerous dense particulate areas (rp) at the outer surface of the pore-studded (np) nuclear envelope (ne). Fig. 4 , )< 16,500; inset, X 11,500.
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Lebistes thus appear to assume independent roles in the production of specific materials for storage. Then, after these Golgi complex-and ER-derived materials have been deposited in substantial amounts within the oocyte cytoplasm, many instances appear in which the Golgi crenated droplets become attached in open continuity to the large, ER-manufactured yolk spheres (Fig. 11) . This process recalls the results of several histochemical studies (6) (7) (8) which have shown that some of the proteid yolk droplets in the oocytes of various teleosts contain a number of different materials and that the fraction of each component material within the droplet changes noticeably during oocyte development. The fusion, during the course of yolk formation, of distinct yolk materials as observed in the present investigation may indeed explain histochemical results such as these.
While the oocyte organelles remain active in the production of the proteid yolk, the egg develops microvilli and deep infoldings at its surface, apparently in preparation for the uptake of yolk proteins manufactured outside the ovary. Of note is the microvillar configuration which has been modified from an initially flaccid, haphazardly oriented grouping of cell projections to one that consists of discrete units of oocyte processes which appear to extend firmly and actively into the overlying follicular epithelium. The movements suggested by this altered arrangement can be imagined to facilitate the transport of material from between the follicle cells to the greatly expanded oocyte surface. As the dense material then comes in contact with the egg's plasma membrane, uptake of serum yolk proteins presumably begins to take place.
At the stage when the crenated inclusions are fusing with the ER-produced yolk spheres within the egg, numerous 75-m/z diameter coated pits start to form at the highly infolded oocyte surface (Fig. 7) . They apparently become filled with a coarse-grained extracellular material that is also found at the oocyte surface and between adjacent follicle cells (Fig. 8) .
There already exists some evidence which indicates that the coated vesicle in other cells is associated with the specific uptake of proteid materials. Such an observation was first reported by Roth and Porter (30) , who found that Kupffer cells ingested ferritin-labeled proteins via similar coated vesicles. More recently, other investigators have found that spinal ganglion cells (29) , renal tubule cells (22) , and also the saturniid moth oocyte (34) appear to be capable of transporting ferritin into the cytoplasm via such coated vesicles.
Roth and Porter (31) have suggested that the bristle coat imparts a specificity for the adsorption of certain proteins to the plasma membrane. A feature such as this would most likely account for the considerable specificity of pinocytotic ingestion suggested in the present investigation and noted by Telfer (35, 36) in his studies of yolk formation in the saturniid moth.
Later, there appears at the surface of the egg a new class of coated pits and vesicles, all of which measure 100 m# in membrane-to-membrane diameter (Fig. 12) . These larger micropinocytotic structures are homogeneously filled with a dark, coarse-grained material that seems to differ from the unevenly packed granules presumably transported by the 75-m/~ diameter coated vesicles. It is postulated that the greater diameter and the later appearance of the 100-m/l coated pits and vesicles may be directly associated with the suggested difference in the material that is being ingested.
At least two mechanisms may explain how the occurrence of the different-sized pits and vesicles at separate and specific stages of development is determined. One is that the presence in the extra-FIGURE 5 The interface between the ooeyte (OOC) and the follicular epithelium (fe), now called the zona radiata (zr), consists of numerous microvilli (my) and follicular interdigitations. A number of small, coated pits and vesicles (cv) sometimes appear within the oocyte in between these microvilli. In addition, numerous membrane-enclosed dark granular bodies (db) are included within tile ribosome-rich oocyte cytoplasm. Elongated mitochondria (m), several diffuse Golgi systems (G), some microtubules (mr), and many Sl]looth vesicles presumably derived from the rough snrfaced endoplasmie reticulum (er) also are present. X 19,000.
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cellular medium of the material to be ingested may influence the precise time at which the specific vesicle appears, in Lebistes, however, this does not seem to be the case. Each mature guppy ovary contains eggs in all stages of development. Thus, although the 75-mlz and 100-m# diameter pits occur at different times during oogenesis, the blood proteins which these structures take up are probably continuously present. This leaves the alternative mechanism, that the induction of the two types of pits is under cellular control. It is possible that a change in the chemical composition of the bristle coat, a change presumably initiated by the cell itself, imparts a certain specificity to the plasma membrane and determines what materials the coated pits will engulf at a given time in development. Proof that such a process actually exists awaits further investigation. The stage of yolk protein uptake characterized by the 100-m# diameter pits apparently also differs from the preceding one, in that there is no intermediate tubular phase. Rather, the large coated vesicles appear to fuse with each other to form proteid yolk droplets (Fig. 12) . This is similar to what has been observed in the oocytes of a number of different species (1, 3 I, 34) .
The occurrence of four separate processes in the formation of proteid yolk in the guppy brings to mind the results of several recent studies of a number of different species in which the existence of a combined intra-and extraoocyte yolk-forming mechanism was also indicated. In an investigation of oogenesis in the crayfish (2, 3), the oocyte ER was implicated in proteid yolk synthesis and deposition. Although coated pits and vesicles were noted at the surface of the egg during the course of intraoocyte proteid yolk synthesis, evidence available at that time did not permit the association of these pinocytotic structures with serum yolk protein uptake. In another instance, Wartenberg (42) noted a proliferation of both Golgi elements and ER vesicles in the frog oocyte cytoplasm during proteid yolk formation. The occurrence of pinocytosis was also suggested. Lacking, however, was an evaluation of the role that each of these organelles and processes may have had in yolk formation. In the chicken, Schjeide et al. (33) , using biochemical assays, noted the presence of proteid yolk in the oocyte before any of the uptake processes had begun. Similarly, recent radioautographic work by Melius and Teller (39) on oogenesis in the saturniid moth has indicated that the egg produces proteid yolk before and during the time that yolk proteins are taken up from the blood.
At present, therefore, it seems quite possible that a combination of intra-and extraoocyte processes is responsible for yolk formation in a variety of different species. This may indeed prove to be the case throughout the spectrum of yolkproducing animals. It is clear, however, that a morphological approach alone gives only partial insight into these complex interrelated processes. Only with more refined methods of chemical analysis will the many questions posed by the results of this investigation be adequately answered INSET In a deeper region of the oocyte cytoplasm, one can observe several features associated with intraoocyte yolk formation. Vesicles of the ER (er) that do bear ribosomes are filled with the flocculent material that characterized the smooth vesicles in the cortical cytoplasm. Two Golgi complexes (G) are present, each filled with a material that is similar to that in the 70-m/z diameter vesicles and crenate inclusions (cd). Aggregates of several independent vesicles (iva) can also be seen. Fig. 6 , X 1°~,500; inset, X 14,500.
222 THE JOURNAL OF CELL BIOLOGY • VOLUME ~28, 1966 FIGURE 12 This stage is marked by the appearance at the surface of the oocyte (OOC) of coated pits and vesicles (cp*) which measure 100 m~ in membrane-to-membrane diameter. In contrast to the substances that the 75-m/z diameter coated vesicles transported into the egg, these larger structures apparently engulf a coarse-grained material, pinch off into the oocyte cytoplasm, and then fuse (*) with each other to form dark membranelimited inclusions (vpy). The 75-mu diameter tubules that were formerly present have apparently coalesced into membrane-bounded, densely packed droplets (t/n]). Many oocyte-manufactured proteid yolk spheres (py*) also are present. These various yolk droplets crowd the mitochondria (m) and the ER vesicles (er) of the oocyte into what little cytoplasm remains. As the droplets grow and the size of the oocyte increases, the numerous infoldings of the oocyte surface that characterized the previous stage of development disappear. In addition, most of the microvilli have been drawn into the egg so that only a few (my) still pass to the follicular epithelium (re) through the vitelline membrane (vm) and the overlying chorion membrane (ch) now being formed.
X 23,500.
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TEE JOURNAL OF CELL BZOLOOY • VOLUME 28, 1966 FIGURE 13 This schematic diagram sunnnarizes the events associated with intraoocyte yolk formation in the guppy oocyte. Tile numerous Golgi complexes, depicted on the left, become filled with a dense granular material and then give rise to 70-m# diameter vesicles. The subsequent aggregation and presumed fusion of these vesicles apparently leads to the formation of large crenate inclusions. At the same time, a light flocculent material appears in the vesicles of the rough-surfaced endoplasmic reticulum, shown on the right. Smooth vesicles, filled with a similar material and probably derived from the more deeply located rough-surfaced ER, can then be observed to fuse, thereby producing large yolk droplets. At a later stage (see center of diagram), these two types of yolk inclusions coalesce to form large droplets of material comprised of the separate contril)utions of the ER and Golgi systems to the proteid yolk.
FIGURE 14
The uptake by the developing oocyte of yolk proteins produced elsewhere in the animal is schematically depicted in this diagram. At earlier stages, when the oocyte microvilli extend througtl the vitelline membrane into the apical region of the overlying follicular epithelium (left side of diagram), numerous 75-nl~t diameter coated pits and vesicles form at the surface of tile egg, become filled with an extracellular granular substance, and pinch off into the oocyte cytoplasm. They then apparently fuse to form tubules which coalesce into discrete proteid yolk droplets. Upon the withdrawal by the oocyte of its microvilli at a later stage in oogenesis (right side of diagram), coated pits and vesicles of 100 m/J, diameter are formed. It is thought that these take up a material different from that ingested by the earlier micropinocytotic structures. The fusion of the 100-m/~ coated vesicles leads to the direct formation of larger yolk droplets. These remain separate from the yolk inclusions deposited through tim earlier processes.
